Abstract. The dynamics of defects in a pattern of traveling inclined rolls has been investigated. Two regimes were identified in the neighborhood of defects: a diffusive regime, with a negative phase diffusion coefficient, and a coalescence regime in which the phase gradient diverges in time following a power law behavior. The observed periodic nucleation of defects is related to the frequency inhomogeneity induced by the disymmetry of the wave amplitude. Amplitude holes have been observed in the secondary modulated pattern.
Introduction
The study of spatially organized patterns in nonlinear dissipative extended systems has drawn much attention in recent years and has led to a better understanding of the transition to weak chaos in these systems. When a control parameter, which is a measure of an external constraint imposed on the system, is varied, the system is driven away far from equilibrium and a pattern emerges from the homogeneous state. The resulting spatially organized pattern may be either stationary or periodic in time. Spatially organized patterns have been observed in many systems ranging from hydrodynamic flows [1], nonlinear optics [2] , liquid crystals, materials [3] to chemical reactions [4] .
Some of the striking features of spatio-temporal patterns in extended systems are the emergence of defects due to long wavelength modulations and the occurrence of spatio-temporal chaos near the onset of the first transition. It is now commonly admitted that the dynamics of traveling waves patterns observed via a supercritical bifurcation in extended systems can be well described by the complex Ginzburg-Landau equation [1, 5, 6 ] commonly referred to as CGLE. A thourough phase diagram of different states from CGLE has been identified in numerical simulations [7] [8] [9] : stable waves, phase turbulence, defect turbulence, bichaotic regime and intermittent regime. The defect turbulence is characterized by the occurrence of defects (points of the pattern where the amplitude vanishes and phase is undefined). In the phase turbulence, the amplitude does not vanish but the integral mean wavenumber (also called winding number) is constant. [7, [17] [18] [19] .
The present paper is concerned with experimental results in which both defects and amplitude holes have been observed in patterns arizing in the Taylor-Dean system. The latter consists of the flow partially filling the gap between two horizontal coaxial cylinders with differential rotation. The bifurcations from the base flow state give rise to either traveling rolls or stationnary rolls depending on the rotation ratio between the cylinders [20] . When the outer cylinder is fixed, the primary state of the pattern arises from the base flow via a supercritical bifurcation and consists of traveling inclined rolls characterized by a well-defined wavenumber q = 4.8 and a drifting velocity that increases with the control parameter [16, 20] . This transition is related to the broken reflection symmetry of the base state flow. The pattern pertains longwavelength modulations that induce a Benjamin-Feir instability in form of roll collisions. We have attempted a thourough characterization of these defects in the primary pattern. The secondary pattern is a spatio-temporally modulated pattern which consists of traveling triplets (group of 3 rolls) that can collide each other giving rise to defects and amplitude holes. The paper is organized as follows: in the second section we describe the experimental setup, in Section 3 we present results that will be discussed in Section 4 while Section 5 contains concluding remarks.
Description of the experiment

Experimental system
The Taylor-Dean configuration used in our experiments consists of two coaxial horizontal cylinders with a gap partially filled with water [21, 22] . The inner cylinder is made of black anodized aluminium (for a better visualization contrast) with a radius a = 4.46 cm. The outer cylinder is made of glass with a radius b = 5.08 cm. The gap between the cylinders is d = b − a = 0.62 cm over a length L = 55 cm. Hence, the system has a radius ratio η = (Fig. 1) .
The inner cylinder is rotated by a DC servomotor which is driven by a PC, while the outer cylinder remains fixed in the laboratory frame. Thus, the only control parameter is the Reynolds number relative to the inner rotating cylinder defined as Re = Ωad/ν, where Ω is the cylinder angular frequency and ν the kinematic viscosity of the fluid. The precision on the geometric dimensions and on the rotation frequency is 0.5%. Therefore, the main error on the control parameter Re comes from the viscosity fluctuations with temperature. During experiments, the temperature has been measured and we estimated the relative uncertainty on the control parameter to be ∆Re/Re ∼ 1%.
Teflon rings are attached at the end of the inner surface of the fixed outer cylinder in order to reduce the effects of Ekman recirculation. The aspect ratio Γ = 90 is large enough to consider the experimental system as an extended system [5] , actually more than 70 rolls are observed in the system.
We have used distilled water with 2% Kalliroscope AQ1000 for the visualization. With a light from a fluorescent tube, the flow was visualized on the front side. To obtain spatial information about the roll dynamics, a linear 1024-pixel charge coupled device (CCD) array records the reflected light intensity distribution I(x) from a line parallel to the axis of the cylinders, 1 cm below the free surface. The recorded length is from 30 to 40 cm in the central part of the system, corresponding to a spatial resolution of 25 to 34 pixels /cm. The intensity is sampled in 256 values, displayed in grey levels at regular time intervals along time axis to produce space-time diagrams I(x, t) of the pattern. For a good resolution of frequency spectra, acquisitions of 8192 time steps of 0.2 s were used. Wavenumber spectra have been averaged in time in order to improve their resolution. The data are processed on a UNIX workstation.
Times, lengths and velocities are scaled respectively by the radial diffusion time d 2 /ν ∼ 40 s, the gap size d and the radial diffusion velocity ν/d ∼ 0.016 cm/s. All quantities used in this paper are dimensionless, unless stated differently. In experiments, in order to avoid spurious transient states, we waited 15 minutes between each variation of the control parameter, from 260 up to 340 by a step ∆Re = 2, while 30 minutes were required before each data acquisition.
Demodulation of the spatio-temporal signals
In order to quantify spatial and temporal variations of wavenumbers and frequencies, we have performed the demodulation technique by Hilbert Transform [7, 18] of the signal with respect to time. The real signal I(x, t) is transformed in its complex equivalent expression as follows:
where stands for the real part. In practice, the original signal I(x, t) is first band-pass filtered in space with relatively large band (elimination of large-scale lighting inhomogeneities and small-scale noise). Then, a temporal Fast Fourier Transform is computed, and components of negative frequencies are set to zero with a smooth filter. The latter consists in a band-pass filter with a band carefully adapted to each pattern, centered on the rolls frequency. Afterwards, the inverse Fourier Transform of the truncated signal in the spectral space gives the amplitude |A(x, t)| and the total phase Φ(x, t). The wavenumbers and frequencies are determined as the spatial and temporal phase gradients: q(x, t) = ∂Φ/∂x, ω(x, t) = 2πf = ∂Φ/∂t.
Results
Sources and defects in the primary pattern
The first instability of the base flow is supercritical and occurs at the critical value of the control parameter Re c = 260 ± 2 giving rise to a pattern of traveling inclined rolls: no hysteresis has been observed when ramping up and down. The rolls intensity vanishes slightly before the ends, suggesting that the roll pattern has soft boundaries, there is no reflection from the boundaries. This pattern has a wavenumber q c = 4.8 ± 0.1 and a frequency f c = 18.90 ± 0.05 corresponding to a drift velocity v d = 24.7 [21, 22] . This space and time periodic pattern exhibits two kinds of defects: sources separating rolls traveling in opposite directions and instantaneous defects due to collisions between rolls (Fig. 2) .
